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S everal meta-analyses have shown that the risk of elevated levels of depression and the risk of incident depression are increased in people diagnosed with type 2 diabetes compared with nondiabetic control subjects (1, 2) . Comorbid depression in people with diabetes forms a serious threat to quality of life (3) . Moreover, people with both depression and diabetes have been found to be at increased risk for the development of cardiovascular complications of diabetes and to have increased mortality rates and higher health care costs (4) (5) (6) .
The reasons for the high prevalence of depression in type 2 diabetes remain unclear, although it is likely that the burden resulting from having a chronic disease and/or its associated complications plays an important role (7, 8) . It is also possible that increased levels of blood glucose are implicated, although the exact nature of the relationship between hyperglycemia and depression remains unclear (9) .
Hyperglycemia (and insulin resistance) may contribute to depression by two mechanisms: 1) through its impact on symptoms, such as fatigue and difficulty concentrating (10) , complications, and fear of complications (11) , and 2) through physiological pathways, including inflammatory processes, and reductions in neurotrophic function (12) (13) (14) , which in turn may lead to reduced plasticity of neuronal networks and subsequently depression (15) .
It is worth noting that depression is a common disorder in the general population and is not only increased in people with diabetes (1, 2) , but also in people with other physical health problems, such as chronic pain, asthma, and heart disease (16) . This would suggest that elevated blood glucose levels are not a necessary condition for developing depression.
One way to study whether elevated blood glucose levels affect mood is to investigate the prevalence of depression in people with impaired glucose metabolism (IGM) or undetected type 2 diabetes (UDD) and compare these to prevalence rates of depression in people with normal glucose metabolism (NGM) and people with previously diagnosed type 2 diabetes (PDD). Although people with IGM and people with UDD have, by definition, elevated blood glucose levels compared with individuals with NGM, the level of glucose impairment varies, ranging from NGM to IGM to full blown type 2 diabetes. Moreover, people with IGM or UDD differ from people with PDD, because they do not have the psychological burden of being diagnosed with the condition or having to self-manage it.
As the prevalence of depression in people with UDD or IGM has not been evaluated in a systematic review and meta-analysis, this report examines the relationship between these categories of glycemic dysregulation and risk of depression. We examined the combined prevalence of depression in samples of people with NGM, IGM, UDD, or PDD by conducting a meta-analysis of studies published on this subject in the peerreviewed literature.
RESEARCH DESIGN AND METHODS

Retrieval of studies
To identify the studies of interest, MEDLINE (1950 to May 2010) and EMBASE (1947 to May 2010) databases were searched. The search terms are shown in Supplementary Table 1. Titles and abstracts of the retrieved studies were scanned by two authors (A.N. reviewed all abstracts, and the second reviews were divided among coauthors) to exclude studies that were clearly irrelevant. The full text of the remaining studies was then read by three authors (A.N., G.N., and F.P.) to determine whether the studies met our inclusion criteria. Furthermore, the reference lists of articles that studied our topic of interest were scanned to check for additional publications.
Inclusion/exclusion criteria
In this systematic review and meta-analysis, we included all studies that examined the prevalence of depression either in UDD or IGM subjects, also defined as impaired glucose tolerance, impaired fasting glucose, and impaired glucose resistance, comparing these rates to those in NGM and/or PDD subjects.
Data extraction
Three authors (A.N., G.N., and F.P.) independently extracted data from the studies, in particular regarding 1) name of first author, 2) publication year, 3) study design, 4) number of participants by category of glycemic (dys)regulation, 5) sex of participants, 6) age of participants, 7) method and criteria for depression assessment, 8) methods of diabetes and/or prediabetic state assessment, 9) number and percentage of case subjects with depression, 10) fasting plasma glucose, and 11) unadjusted and adjusted odds ratios (ORs) and 95% CIs. This allowed comparison of IGM with NGM and PDD and comparison of UDD with NGM, IGM, and PDD.
In the included studies, method of depression assessment could be either 1) a diagnosis of depression assessed by a diagnostic psychiatric interview, 2) assessment of depressive symptoms by a self-report questionnaire, 3) a diagnosis by a physician, or 4) in combination with a prescription of antidepressant medication.
Statistical analysis
The odds of depression in each category (UDD or IGM) were compared with the odds of depression in NGM or PDD to calculate the unadjusted OR. From these, pooled ORs were estimated. Both the fixed-effects model and the randomeffects model were used. The fixed-effects model assumes that variability between studies is exclusively due to random variation, and individual studies are simply weighted by their precision. The random-effects model assumes that a different true effect size exists for at least one study and takes this into consideration as an additional source of variation. A random-effects meta-analysis is more conservative than a fixed-effects metaanalysis, since it may give wider CIs around the point estimate and is recommended when it is suspected that individual studies may not be estimating the same true effect size (17) . A forest plot was made to show the OR and 95% CI of each study and the pooled OR and 95% CI.
We followed recommendations in the Cochrane Handbook (17) for investigating reporting bias; these recommendations advise that Harbord's statistical test for small study bias is appropriate when the outcome statistic is an OR and the number of studies is at least 10 to avoid false-positive results in the presence of study heterogeneity. Forest plots were used to visually assess homogeneity of the studies. This was also tested with the Cochran's Q test and the I-squared statistic. All statistical analyses were performed using STATA 10.0 (STATA Corporation, College Station, TX).
RESULTS-The MEDLINE search (1950 to May 2010) identified 3,357
articles, of which 12 met our inclusion criteria and were subsequently included in the systematic review and meta-analysis. The search in EMBASE (1947 to May 2010, total number of studies 4,337, excluding duplicates) identified one additional study meeting the selection criteria. Thus, a total of 13 studies were included in the metaanalysis. The characteristics and the extracted data of the 13 included studies are presented in Table 1 and, for the (un)adjusted odds ratios, in Supplementary  Table 2 .
In total, the included studies identified 1,483 case subjects with UDD, 6,236 case subjects with IGM, and 2,121 case subjects with PDD. However, because the number of studies varied for each comparison, numbers of cases may differ.
Depression in individuals with impaired glucose metabolism
Eleven studies (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) compared the prevalence of depression in individuals with IGM relative to individuals with NGM. The forest plot (Fig. 1) clearly shows that, compared with people with normal glucose regulation, the prevalence of depression is not increased in patients with IGM (fixed-effects OR 0.94, 95% CI 0.86-1.02; random-effects OR 0.96, 0.85-1.08). Harbord's test for reporting bias was negative (P = 0.2). Nine studies reported data on the prevalence of depression in individuals with IGM compared with individuals with PDD (18-23, 25,27,28) . Compared with individuals with PDD, people with IGM had an almost 40% lower risk of depression (fixed-effects OR 0.61, 95% CI 0.52-0.71; randomeffects OR 0.59, 0.48-0.73). In both analyses, the I-squared value was low, suggesting that the results of the fixed-effects model may be appropriate for these comparisons. Because of ambiguities in two studies, we conducted sensitivity analyses to determine whether our analytic decisions affected the results. In one study (20) , there appeared to be a discrepancy between the reported number of people with depressive symptoms (n = 10) and the percentage of participants with depressive symptoms (2.2%). Therefore, we compared the results with the raw numbers and the recalculated data based on the reported percentages. Another study (21) reported the total number of participants and ORs based on imputed data; therefore, we compared the results with the total number of participants and with ORs based on imputed data. Results of these sensitivity analyses showed that in both cases, using alternative data did not change the overall results.
Depression in undiagnosed type 2 diabetes Three comparisons were carried out for the prevalence of depression in UDD: 10 studies (18, 19, 21, 22, (24) (25) (26) (27) 29, 30) comparing with NGM, eight studies (18, 19, 21, 22, (24) (25) (26) (27) comparing with IGM, and eight studies (18, 19, 21, 22, 25, 27, 29, 30) comparing with PDD. The I-squared statistic was moderately large for the comparison of UDD versus NGM (I-squared = 49.0%; P = 0.039 for the Cochran's Q test for heterogeneity), suggesting that the random-effects model was the most appropriate for this comparison. However, a single study (30) accounted for all heterogeneity beyond that due to chance, and when this study was omitted from the analysis, the I-squared statistic diminished to 0% and the fixed-and random-effects pooled estimates became 0.98 (95% CI 0.81-1.19). Harbord's test for reporting bias just reached statistical significance (P = 0.03). For consistency, only the random-effects models for each comparison were considered.
The Forest plots of the ORs and 95% CI of each study and the pooled OR for comparisons of UDD versus NGM are shown in Fig. 2 : the pooled OR of 0.94 (95% CI 0.71-1.25) indicated that the risk for being depressed was not significantly different. Furthermore, the odds of depression did not differ significantly between UDD versus IGM (OR 1.16, 95% CI 0.88-1.54). Finally, the risk of depression was significantly lower in individuals with UDD versus PDD (OR 0.57, 95% CI 0.45-0.74).
Sensitivity analyses
We conducted sensitivity analyses to determine whether using OR controlled for demographic factors affected the results. In all the studies that provided adjusted OR, NGM was always the reference; thus, we were not able to conduct sensitivity analyses for comparisons of IGM or UDD with PDD or IGM with UDD. Results did not change in the sensitivity analyses. A pooled OR of 0.93 (95% CI 0.85-1.04) was obtained for the comparison of IGM versus NGM (21) (22) (23) (26) (27) (28) and an OR of 1.04 (95% CI 0.85-1.28) for the comparison of UDD versus NGM (21, 22, 26, 27, 30) .
CONCLUSIONS-The results of the present meta-analysis clearly show that people who have impaired glucose metabolism or undiagnosed type 2 diabetes are not at increased risk for depression compared with people in the general population or people with normal glucose metabolism. When compared with people with known type 2 diabetes, individuals with impaired glucose metabolism or unknown diabetes have significantly lower risk of having depressive symptoms. This result could be regarded as support for the "psychological burden hypothesis" (31) , which states that the burden of knowing that you have diabetes and having a chronic illness to manage, or complications to cope with contributes to higher levels of depression. By definition, people with IGM and undiagnosed diabetes have both higher levels of blood glucose than people with normal glucose metabolism or people in the general population. Results of the present meta-analysis indicate that higher blood glucose levels per se in the prediabetic or early diabetes stages are not associated with an increased level of depressive symptoms.
One explanation for the lower risk of depression in UDD compared with PDD might relate to differences in the number of complications between people with UDD and people with PDD. Although diabetes complications can occur in people with undiagnosed diabetes, these are more likely to be found in people with longstanding diabetes (32, 33) . The results of the current meta-analysis would then concur with a large cross-sectional population-based study that showed that, compared with healthy control subjects, diabetes alone did not increase the chances of depressive symptoms but having diabetes and diabetes complications did (34) . However, a recent study showed that the risk of depressive disorder is increased in the 2 years after diagnosis of type 2 diabetes in the absence of diabetes complications (35) . In another study, it was found that diabetes distress did not become associated with depressive symptoms until after 1 year of living with diabetes (36) . In yet another study, people who were prescribed a more intensive treatment developed more depressive symptoms in the first 3 years after detection of type 2 diabetes than individuals on less intensive treatment (37) . These studies suggest that factors other than diabetes complications (e.g., fear of complications, burden of treatment) may increase the risk of depressive symptoms. However, because none of the studies included in the meta-analysis assessed diabetes complications, it was not possible to refute or support this argument. Future studies into depression and undiagnosed diabetes should assess diabetes complications in these groups.
There are several limitations to this study. First, the number of people with undiagnosed diabetes in the included investigations was quite small despite the fact that many were large-scale populationbased studies. Second, the meta-analysis draws on observational cohort studies, and it is appropriate to analyze adjusted rather than unadjusted effect estimates. However, because only half of the studies provided adjusted effect estimates and controlled for important demographic confounders, we used the unadjusted ORs in our analyses. However, when calculating pooled ORs based on the studies that did provide ORs controlled for demographics, the outcome did not change. Given these results and the low heterogeneity, we are confident that the results in the current study are reliable. Third, although in all studies oral glucose tolerance tests were used to establish participants' glucose metabolism classification, it is possible that unmeasured differences in blood glucose level between the previously diagnosed and undiagnosed diabetes groups may explain their differences in depression. Because these data were not routinely available in the published reports, we contacted authors of the more recent articles to obtain these data and used them to calculate weighted pooled mean blood glucose levels for each group. Whereas blood glucose levels did not differ between NGM (mean 5.1, 95% CI 3.9-6.3) and IGM (5.8, 4.6-7.0) and between UDD (8.8, 7.6-10.0) and PDD (8.3, 7.1-9.5), differences between the diabetes groups (UDD and PDD) and individuals without diabetes (NGM and IGM) were significant. These results suggest that despite differences in depression between those with versus those without diabetes, blood glucose levels did not differ within these broader categories. Fourth, the possibility of reporting bias cannot be ruled out. There was weak evidence of reporting bias for the comparison of undiagnosed diabetes versus normal glucose metabolism, but the number of studies here, as for other comparisons, was too low for strong inference.
The relatively low level of heterogeneity observed in most comparisons (I-squared ranging from 0 to 27%) was not amenable to productive exploration using meta-regression; this was because it is recommended that at least 10 studies per study level variable explored are required if spurious associations are to be avoided, and a complete set of data for this number of studies was unfortunately not available care.diabetesjournals.org DIABETES CARE, VOLUME 34, MARCH 2011 759
for study level variables of interest (e.g., age, sex, fasting plasma glucose). Fifth, the studies in this meta-analysis used cross-sectional data and therefore do not provide evidence regarding the time frame in which depression develops after the diagnosis of type 2 diabetes. A recent study reported that antidepressant medication use showed a temporary peak during the year of diagnosis of type 2 diabetes, suggesting that the risk of depressive symptoms is increased soon after diagnosis and recedes thereafter in the absence of another incident risk factor (38) .
Finally, only one of the included studies (27) used diagnostic criteria to determine depression status. In this study, the prevalence of depression was particularly increased in people with previously diagnosed diabetes (compared with NGM) and in people with undiagnosed diabetes, although for the latter, this failed to reach significance. IGM was not significantly associated with the increased prevalence of major depressive disorder. These findings suggest that diabetes, but not IGM, is associated with increased prevalence of major depressive disorder. However, the numbers in this study were small, and further research is needed.
Overall, the results of this meta-analysis show that the risk of depression is not directly related to elevated blood glucose levels. One conclusion, in line with the results of the current meta-analysis, is that the burden of diabetes and its complications are the main determinants of depressive symptoms in individuals with diabetes (16) . Future research should examine the constituents of this burden.
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